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Abstract 
As engineering education shifts its focus from the traditional content and time-based method into the student-
centred and outcome-based method, more detailed and rigorous assessments of student’s learning outcomes are 
required. In outcome-based education (OBE), the focus is on what students are expected to know and be able to do by 
the time of graduation. Aside from many tasks including preparing teaching materials, examination papers, laboratory 
sheets, markings papers, doing research, and some administrative support tasks, lecturers are now required to do 
intensive OBE assessments and Continual Quality Improvement (CQI) planning and implementation for every 
module they handle.  
This paper presents the details of a quantitative measurement of the learning outcomes (LO) and programme 
outcomes (PO) in the module level and up to the programme level to assess the student’s PO attainments upon 
graduation. An End-of-Semester Assessment Tool (ESAT) was developed to assist the lecturers in this OBE 
assessments and CQI process. ESAT is a macro-enabled software package that automatically calculates the students’ 
individual LO and PO attainments based on their respective module’s assessments mark. A LO or a PO is said to be 
achieved if the student’s total assessment mark is greater than or equal to a defined key performance indicator (KPI) 
related to that LO or PO. ESAT results from all modules are then stored in the students LO and PO database system 
to generate the cohort’s, and the individual student’s PO attainments.  ESAT results in the programme level offers 
varied results that describes the student’ overall PO performance. Periodic results can be generated for all students 
that can be used for student’s CQI action. 
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Introduction 
All universities in Malaysia offering engineering degree programmes are now mandated by the Engineering 
Accreditation Council (EAC) to implement OBE as a requirement for accreditation. Taylor’s University in particular 
fully supports and implements OBE in its engineering programmes. Guided by EAC Manual (2012) and Taylor’s 
University graduate capabilities (TGC), the School of Engineering crafted its own PEOs and POs to do OBE 
assessments and CQI implementation in its engineering programmes according to the OBE model shown in Figure 1 
(Namsivayam, et.al., 2012). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1  Taylor’s University OBE Model 
 
With reference to LO loop in Fig. 1, at the start of semester, the students are provided with an approved scheme of 
work (SOW) that guides them on how the module will be delivered throughout the semester. The SOW contains the 
weighted assessment components, LO-PO mapping, and assessments-LO mapping among others. Students marks 
collected from the assessments are then used to measure the students learning outcomes quantitatively through a 
macro-enabled End-of-Semester Assessment Tool (ESAT). ESAT generates the module LO and PO attainments 
based on the individual student’s LO and PO attainments marks. These results will be used by lecturers to prepare the 
module review which evaluates the impact of CQI implementation from previous semester to the current semester 
and henceforth develop a CQI plan for implementation the next semester cycle.  This complete CQI process in the 
module level is depicted in Fig. 2. 
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Fig. 2. Taylor’s University CQI Process Flow 
In the PO loop, all modules ESAT results will be collected and stored in the LO-PO database system that will be 
used to generate the individual students as well as the cohort’s PO attainments upon leaving the programme. ESAT 
provides end of semester results summary to monitor learning outcomes and do a CQI action plan and its 
implementation. In the PEO loop, qualitative assessments are used to evaluate the graduates PEO attainments 3 to 5 
years after graduation. 
Authorities in OBE have not specifically defined OBE assessment standard which leads to various methods and 
techniques being used by many universities. In Malaysia particularly, Ismail, Zaharim, Abdullah, Nopiah, and Isa 
(2007) reported that in Universiti Kebangsaan Malaysia (UKM), an used grade point average (GPA) at the end of 
semester OBE assessments, while Sani, Noor, Senawi, Sulaiman & Rejab (2008) stated that Universiti Malaysia 
(UM) Pahang used an exit survey from final year students to assess the PO attainments of its mechanical engineering 
programme for CQI planning and implementation while the Mechanical Engineering program of University of 
Maryland-Baltimore Country uses both quantitative and qualitative method of assessing PO attainments (Spencer & 
Zhu, 2007). Although EAC manual (2012) suggests that PO mapping be given weighted emphasis, some universities 
used equal emphasis on PO mapping like the Faculty of Engineering and Built Environment of the National 
University of Malaya (UKM) and the Faculty of Electrical and Electronic Engineering of Universiti Tun Hussein Onn 
Malaysia (UTHM) among others (Sharir, et al. 2008, Shamsul et al., 2012).  
As OBE is a continuous, and a tedious process, lecturers are faced by added burden of preparing documents to 
evaluate the students LO and PO attainments for each module. This is on top of a module analysis and CQI plan to be 
prepared and presented based on LO and PO results. Since lecturers are already tied-up with a lot of paper 
documentation for each module required by the accrediting agency, there is an urgent need to provide a OBE 
assessment tool  to do quantitative measurements of LO and PO attainments. This paper will now present the details 
of LO and PO attainments from the module level up to the programme level using ESAT. 
 
Data Analysis & Reporting
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Action Planning
• CQI plan is then discussed with
other academic staff for
feedback and review
Implementation
• Approved CQI plan is
implemented
Data Collection
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calculated using ESAT
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2. End-of-Semester Assessment Tool (ESAT) 
The ESAT developed by the author consists of macro-enabled worksheets that automatically calculate the 
module’s LO and PO attainments at the end of semester. This improved model was implemented at the School of 
Engineering in all of its programmes. The implementation of ESAT is shown in Figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.  ESAT Process Flow Chart 
As indicated in Fig. 3, the Scheme of Work (SOW) was used in the LO and PO assessments. The SOW contains 
the details of assessment components (AC) and their respective mapping to each LO, and the LO-PO mapping among 
others. The information was used to generate the LO-PO mapping and the associated normalized LO and PO marks. 
The students’ raw marks were used as input, which automatically generates the respective LO and PO assessment 
marks. ESAT outputs the comparative LO and PO attainments for the previous and current semester that serves as 
basis for CQI plan. ESAT results from all modules were then stored in the LO-PO database system to generate the 
student’s PO attainments upon graduation. Details of the ESAT process flow are presented through screenshots 
shown in Fig. 4 to Fig. 10 using an ESAT file of Analogue Electronics that the author handled in the September 2012 
semester. 
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Fig. 4. LO-PO Mapping 
 
 
 
 
 
 
 
 
 
Fig. 5. Assessment Components (AC)-LO Mapping 
 
Fig. 4 shows the LO-PO mapping from SOW where POs are mapped to one or more LOs and given equal 
emphasis while Fig. 5 shows the assessment components mapped to LOs. Lecturers are given flexibility to layout the 
mapping based on their preference where each assessment component can be mapped to one or more LOs and need 
not be based on 100 marks. These assessment marks are automatically normalized to 100 to generate the normalized 
LO and PO marks. A screenshot of normalized LO mark is shown in Fig. 6. 
 
 
Fig. 6. Normalized LO Marks 
 
After generating the normalize LO and PO marks, the lecturer is now ready to key-in the students’ individual 
assessments mark based on Fig. 5 AC-LO mapping. A screenshot is shown in Fig. 7. 
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Fig. 7. Students’ Raw Assessment Marks vs LO Normalized Marks 
Fig. 7 shows the individual student’s raw marks distributed to respective LOs with corresponding normalized LO 
marks. At this point, as marks are keyed in, the student LO and PO assessments marks are generated automatically 
using equations (1) to  (4). 
 
            (1) 
 
 
            (2) 
 
 
           Marks Assessment Shared LO Mark  Assessment PO      (3) 
 
            (4) 
 
 
For example, for the student with ID of 0305308 in Fig. 7, LO1 and PO1 attainments are calculated as 
 
 
 
 
 
 
     2.26
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3
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3
8.15
3
18.4 Mark  Assessment PO1  
 
 
 
 
At 60% KPI set for the programme, a LO or a PO is said to be attained if at least 60% of the students obtain 60% 
of their assessment mark related to that LO or PO. Hence, in this example, the calculated LO1 and PO1 are 
considered attained by the student. A screenshot summary of the module LO and PO assessments marks is shown in 
Fig. 8. 
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Fig. 8. Students’ LO Assessment Marks 
After generating these LO and PO attainments, a bar chat comparing the previous and present semester LO and 
PO attainments are generated for the module. Screenshots are presented in Fig. 9 and Fig. 10, respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9. End of Semester LO Attainment Results 
 
It can be observed in Fig. 9 that there are LOs that improved and there are those that decreased considerably. Also, 
some LOs although improved did not reached the KPI. Analysis of these results will lead to CQI action plan that can 
be implemented in the next semester cycle. 
 
Similarly, Fig. 10 shows the comparative PO attainment results for the previous and the current semester. It can be 
observed that there are POs that improved and there are those that decreased from the previous semester to the 
current semester.  
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Fig. 10. End of Semester PO Attainment Results 
 
 
In the programme level, all ESAT files from semester 1 to semester 7 were collected and stored in the LO-PO 
database system. ESAT can generate the individual student as well as the cohort’s PO attainments at any desired 
assessment period in just one click of a button. The screenshots for the student’s PO attainments are presented in Fig. 
11 and Fig. 12. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 11. ESAT’s Programme Level PO Attainments Window 
  
In Fig. 11, by just clicking the name of a student, a bar chart consisting of two types of student’s PO attainment 
results can be generated. The first bar (in blue color) in Fig. 12 represents the PO attainments based on the number of 
subjects achieving KPI while the second bar (in red color) represents the PO attainments based on the average POs of 
all modules. Management can decide which output best describes the student’s PO attainments.  
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Fig. 12. Student’s PO Attainments To Date 
 
 
Similarly, the cohort’s PO attainments can also be generated through the main window. Fig. 13 and Fig. 14 shows 
the screenshots for 2009 cohort’s PO attainments result. Fig. 15 shows three types of PO attainments that can 
describe the cohort’s performance. The first bar (in blue color) represents the percent number of students achieving 
KPI based on the number of subjects achieving KPI while the second bar (in red color) represents the number of 
students achieving KPI based on the individual average PO, and the third bar (in green color) represents the simple 
average of the students PO attainments. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 13. Student’s PO Attainments To Date 
 
ESAT can also generate the LO and PO attainments of any module or group of modules offered in a semester for 
any student or cohort that could be used for analysis, monitoring and CQI action planning. 
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Fig. 14. 2009 Cohort’s PO Attainments To Date 
Conclusion 
A comprehensive presentation of a quantitative measurement of PO attainments had been presented. The authors 
believe that with this blueprint in place, lecturers can perform module-level LO and PO assessments with ease, 
reliability, and efficiency. ESAT results can be an effective tool in improving the module delivery through regular 
assessments, monitoring, CQI action planning, and implementation thus ensuring better quality graduates equipped 
with desired capabilities ready face the complex challenges of their respective field of profession. ESAT PO 
attainments in the programme level can also be used to evaluate the lacks and insufficiencies in curriculum, facilities, 
and other programme policies towards enhancing the students learning experience. 
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